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"" ultinucleated giant cells (MGC) have been observed in inflamed tissues
• .

for over a century (1). MGC form in granulomas caused by bacterial and viral

infections and granulomas induced by physical or chemical agents (1). MGC are

also encountered in granulomatous diseases of unknown etiology such as

sarcoidosis, rheumatoid arthritis, and Crohn's disease.(1). Recent studies

have shown that MGC are the result of macrophage fusione2-5). It has been

suggested that fusion results when macrophages are overwhelmed with antigen,

such as in a granulomatous environment, and several macrophages simultaneously

attempt to phagocytose the antigen, O 6--

In addition to the phagocytosis of foreign antigen, macrophages also

present antigen in association with products of class II majQr

histocompatibility complex (MHC) genes to antigen-specific T cells (7). The

association of foreign antigen with class IZ MHC products (Ia antigens)

suggests that Ia antigens may be involved in foreign antigen-induced formation

of MGC. We report here that monoclonal antibodies against human Ia a9 Ligens

(HLA-DR) induce rapid formation of MGC from monocyte precursors. .

Two hours after adding HLA-DR specific MAb to human monocyte cultures

large aggregates of adherent and non-adherent cells were observed (Figure

1a). These aggregates, which were not observed in cultures without antibody,

accounted for most of the cells. After 24 hours of culture with HLA-DR

specific MAb almost all of the cells were gathered into very large clusters

consisting of several cells (Figure 1b). In control cultures a uniform

monolayer of adherent cells was observed at this time. After an additional 24

hours of culture many of the large clusters had differentiated into MGC of the

foreign-body type (FB-MGC) (Figure 1c). In addition, the predominant cell

type at day 2 was a very large multinucleated (10-60 nuclei) polygonal

epitheloid cell with 2 to 4 cytoplasmic extensions. Six to 12 hours later

these cytoplasmic extensions had spread and fused, resulting in very large
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FB-MGC. After 72 hours of culture with the HLA-DR specific MAb, 80-90 percent

of the nuclei were seen in MGC (Fig. 1d). The MGC continued to fuse such

that by 4 to 5 days of culture, polykaryons with greater than 100 nuclei could

be observed. In monocyte cultures without HLA-DR specific MAb, greater than

90 percent of the cells were present in the non-adherent population after 3

days of culture, as previously reported (8). The adherent cells in control

cultures showed no signs of fusion. The anti-HLA-DR induced MGC could be

cultured for up to 30 days and maintained the morphology of foreign-body type

MGC (Figure 2) with the nuclei found randomly organized in the cytoplasm. MGC

of the Langhans type with the nuclei forming a ring around the cell center

were occasionally seen after extended culture periods. Monocytes treated with

anti-HLA-DR MAb did not incorporate 3H-thymidine confirming that MAb-induced

MGC formed by fusion not by nuclear division (data not shown).

MGC were induced by MAb against HLA-DR antigens but not by MAb against

other antigens present on monocytes (Table 1). Aggregation and fusion of

monocytes to form MGC could be induced by HLA-DR specific MAb of three

different isotypes. A MAb (MHM 5) against class I MHC antigens (HLA-A,B,C)

induced aggregation of monocytes but not fusion. Similarly, a MAb (H5A4)

specific for the human monocyte-macrophage differentiation antigen HMac-1 (9)

induced cell aggregates but these did not fuse to form MGC. MAb against two

other antigens expressed on monocytes, the leukocyte common antigen (H5A5) and

a monocyte specific polypeptide of Mr 200,000 (H6A7), did not induce

aggregation or fusion. These results indicated that MGC formation did not

result simply from MAb-induced aggregation of monocytes, but rather occured

through a more complex mechanism involving Ia antigens. The results also

suggested that Fc receptors were not involved in anti-HLA-DR induced MGC

formation since the isotypes of the MAb which failed to induce MGC formation

were the same as those of the HLA-DR specific MAb. Studies using F(ab')2
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fragments of an anti-HI.A-DR MAb (MHM.33) confirmed that the Fc region of the

immunoglobulin was not required for MGC induction (data not shown). MGC were

induced more effectively, however, by intact MAb possibly due to the

additional aggregation of the monocytes mediated by Fc-receptors. MGC

formation was not observed when monocytes were cultured with Fab' fragments of

anti-HLA-DR MAb suggesting that cross-linking of HLA-DR MAb antigens on the

cell surface is required for MGC formation.

The phenotype of anti-HLA-DR induced MGC was examined and compared to that

of dendritic cells and activated macrophages (Table 2). The MGC did not

express surface immunoglobulin but did express class I and class II MHC

antigens and the human Mac-1 antigen (HMac-1). They were also positive in

assays for Fc-receptor activity and showed a high degreee of

antibody-dependent phagocytic activity (Table 2). This is in contrast to a

previous report which showed that in vitro generated MGC were only poorly

phagocytic (10). The MAb-induced MGC strongly adhered to both glass and

plastic culture vessels. These results showed that the MGC had

characteristics identical to those of mature activated macrophages and that

the MGC were not related to dendritic cells which also express class II MHC -.

antigens and form spreading cytoplasmic processes (11).

We found that HLA-DR MAb-induced formation of MGC required a minimum cell

density of 2.5 x 105 per ml and the presence of serum. The formation of MGC

occurred more readily in fetal bovine serum (FBS) than in pooled human AB

serum. MGC formed in response to HLA-DR NAb in FBS containing medium in as

little as 2 days whereas in medium containing human serum MGC were less

frequent and were not seen before 4 days of culture. It was not determined in

the present study whether the superiority of FBS resulted from nutritive,

antigenic, or hormonal factors. Monocytes isolated from different normal

individuals varied in their capacity to form MGC. This variability probably

1 _ 4
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reflects the degree of activation of the monocytes since the addition of crude

macrophage activation factor (mixed lymphocyte culture supernatant) to the

monocyte - anti-HILA-DR MAb cultures resulted in a high degree of fusion of

cells from 9 different individuals (data not shown). We are currently

attempting to define the nature of the factor(s) providing the second signal

for MGC formation.

These results show that human la antigens (HLA-DR) are involved in the

formation of multinucleated giant cells (MGC) from monocyte precursors.

Phagocytic polykaryons formed rapidly in response to binding of anti-HLA-DR

MAb to monocytes. Results of previous studies indicate that macrophages form

MGC in response to the persistent presence of large quantities of antigen

(6). Foreign antigens appear to associate with Ia molecules on the macrophage

surface (7). Thus it is possible that Ia-specific MAb induce the formation of

MGC by mimicking the effect of the association between foreign antigens and Ia

molecules. Lectins (14), polyclonal antisera (15), and a lymphocyte-derived

macrophage fusion factor (MFF) (2,5,12,13) have been shown to induce

macrophages to form MGC in vitro. In these studies only mature alveolar or

peritoneal macrophages which had been cultured 1-3 days were subject to MGC

formation. This may be explained by the poor expression of Ia-antigens on

resting or non-activated macrophages (11). Ia-antigens are glycoproteins

which bind to commonly used lectins and thus may be involved in lectin induced

MGC formation. The induction of MGC by anti-macrophage serum could be due to

the presence of anti-la antibodies in the serum used. Our results suggest

that Ia antigens may be receptors for the previously reported MFF.

Anti-la induced formation of MGC provides a convenient and reproducible

model for studying the characteristics and functions of multinucleated giant

cells. L
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Table 1

Specificity of NAb-Induced MGC

M Ab Isotype Specificity Aggregation MGC Formation

MH.M.33a IgG2a,k HLA-DR +

iM. 35a IgM,k HLA-DR +

MHM.5a IgGl,k HLA-A,B,C

H5A4b IgGl,k H~bac-1+

H6A7c IgM,k p200(monocyte)-

H5A5c IgGl,k Leukocyte common -
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Table 2

* Comparison of anti-lILA-DR induced MGC, dendritic cells, and macrophages

HLA-DR-MGC Dendritic cell* Macrophage*

Surface Ig

ClassI11MHC + + +

Class I MHC + + +

Mac-i 1

Fc-Receptor ++

Glass Adherent +

Phagocytic +
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Figure 1. Time course of monoclonal antibody induced multinucleated giant

cells. Peripheral blood mononuclear cells (PBMC) were isolated

from healthy adult donors by Ficoll-Hypaque density

centrifugation. Monocytes were isolated by centrifugation of PBMC

on Percoll density gradients. Five X 106 monocytes in 5 ml of

RPMI-1640 (Biofluids) supplemental with 10 percent heat-inactivated

fetal bovine serum (FBS) (Hyclone) were cultured in 28 cm2 petri

dishes (Falcon) at 37°C in a humidified atmosphere of 5 percent

CO2. Monoclonal anti-HLA-DR antibody (immune ascites) was added

for a final dilution of 1:5000. At the indicated times, the

non-adherent cells were washed away and the adherent cells were

fixed with absolute methanol and stained with Giemsa. (A) 2 hours

(125X); (B) 24 hours (125X); (C) 48 hours (125X); (0) 72 hours

(125X).

Figure 2. Monoclonal anti-HLA-DR induced multinucleated giant cells. MGC

were generated by culturing human monocytes in the presence of an

HLA-DR specific MAb (MHM.33) as described in Figure 1. After 7

days of culture, cells were examined and photographed on an

inverted phase microscope. The cells were then washed, fixed with

absolute methanol, and stained with hematoxylin and eosin (H and

E). (A) Phase contrast (IOOX); (8) H and E (150X).
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Table 1. The specificity of MAb-induced formation of MGC. Monocytes were

cultured 4 days in the presence of MAb as described in Figure 1.

All MAb were used in the form of immune ascites fluid at a final * 4

dilution of 1:5000. Cultures were examined for cell aggregation and

fusion every 24 hours.

aMagkoba et al. (16)

bHildreth and August (9)

CHildreth, unpublished

Table 2. Comparison of MGC, dendritic cells, and macrophages. MGC were *
generated by culturing monocytes with an HLA-DR specfic MAb as

described in Figure 1. After 4 days of culture, non-adherent cells

were removed and the MGC were then washed and fixed with absolute

methanol. MAb specific for human immunoglobulin (Ig), class II MHC,

class I MHC, and Mac-1 antigens were applied to the MGC and

incubated for 1 hour at room temperature. After washing with PBS,

goat-anti-mouse Ig peroxidase conjugate (Kirkegaard and Perry) was

added and the incubation continued for 1 hour. After washing with

PBS, positive staining cells were visualized by adding PBS

containing diamino-benzidine (0.8 mg/ml) and H202 (0.03

percent). Fc-receptor and phagocytic activities were determined

using antibody-coated sheep erythrocytes exactly as described (17)

*Data taken from Steinman and Nussenweig (1980) (11).

* ....
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